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(54) MAGNETIC SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
sensor that can detect a magnetic field with high 
accuracy, even when the characteristics of a magnetic 
tunnel effect element change due to a temperature 
change or a change in the lapse of time. 
SOLUTION: The magnetic tunnel effect element 10 used 
in this magnetic sensor has a sensing layer 1 1 formed 
into a laminate composed of a PtMn antiferromagnetic 
film 11a and an NiFe ferromagnetic film 1 1b, a thin Al-O 
insulating layer 12, and an NiFe reference layer 13. 
These layers 11, 12, and 13 constitute a magnetic tunnel 1la ^_ 
junction structure. The ferromagnetic film 11a, insulating 
layer 12, and ferromagnetic film 13 have rectangular 
shapes, and the magnetization of the ferromagnetic film 
1 1a is weakly pinned in the direction of its shorter 
edges. Consequently, the resistance of the element 10 
changes functionally even with respect to the magnetic 
field that changes in the direction of the longer edges. 
By imparting an AC bias magnetic field in the direction 

of the longer edges, an applied magnetic field h is detected based on the occurring resistance 
change of the element 10. 
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5SfiSttM 2 3 £-e*x^tt*feti#!8i^-.& i i h «c . 
SStiK 2 3 JiKiStf fc-*f ©KfiSttS 2 4 . MM/1 2 
30 5. mt&m2 6R<yt^5-Jg2 74^-tl^n^^ 

■ 2 8«S i O 2 a>e>ft0> ^©Hftt25 0nmig 

[007 2 ] C©lflM12 8KB 1 S^S-127 

±tcTn>*:j> h*-;i<2 8 a^-en-etiff^^nri,* 

^>„ C©3>*^ h*-^2 8 aZMt§C?2>£±i>lc. 
Sft^T§P1iffi2 2 <Rtf5^fiB14ii2 3 ) iiC^Wfc 

-»©^5-ig2 7, 2 1 <D&-jim*m>icmm,mic 

SM-f •£ J: ^tc. mKMJ?3 0 0 n m©A 1 *>6ftS 

40 ±9$mg2 9. 2 9*s-en^n^$n-cc^o c©«t 

^5C. TSP«e2 2SO'iS^&K2 3<!:. ±SP«ffi2 
9iK«fcO. BSO^^-*t©#5S?KttM2 6. 26 (S 
#5-02 7. 27) t&ms.m®m23. 2 3i« 

ti^tig.s.icm'X'mmmicmffi-rzctx. ^>^m<o 

b->3tifcfiWt©|6j#iW|5I— f^o-C. fio. a?K©fi8 
m h >*^«^«i»* 2 0jl/c^iS5>jK«^Lfcfia« b 

>*}vmmfr (&) 2 i*s»«stin>a. ft*s. ± 

SP^@2 9. 2 9<D±iCttm7jk*mmistcS i ORC/S 

i N^^ft^SK^fiSStirt^. 
so [oo73]3^4o». ±mmm. b >*)\sMmm?- 
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Htm3&rZ>-}}fa <-te>xii;R£>-#MJl©fi2 (SfA) 
-frfa) fcfct>T^{bTS±iB3£i&'^TX&??HAG&tf 

(ffif) 2 l<DT^5S«SttM2 4(Df>3tlfc^b<Dr6J 

^iWfe^nfijfc^^ct^K:. si52 0 teats stir 

OS. 

[0074] (S3ii*ffi> &tC. ifBfiS^ h >*;l^J* 

KDM&jmic^xmwrzt. mi 6 

CCTnL/cfc^tC. S i*>e>&4S«2 0aO±(CAl* 10 

-fS. #a>r, c©A 1M&01 7(c^o/cJ:^K:rlJ i 
Mmi^csi^Kjnx-rs. c©jjnxtc«fc«3. 011© 

ftSJ^fc:./^--^;**!.*,,, |18lc^l/yt 
J:^fC. S i N/S i 0,a>e>ft£JS2 Ob^ML 
T, -e©±®*^fflK:ttlI-r€.. C*i«:J;9, 1S2 0 

[0 07 5] ^C^-C. 01 OfC^Lfc^tC. Ifi2 0 
<D±«cTgPmS2 2£«J&-rSC r #> 6 ft JSP 3 20 

^©S&J&ffiJ^ 3SW^iltt^2 4*«^-TSfc«) 
©P tMn^ft-SJ&RtfN i F e*P6ft-SJg£. 

>^(C«fc Al^ln m/cttSJl 

u KS^xfcj:orcn«:Kjt$-a-r^ji2 5<fcft 
i,o 3 (a 1 -o) <Dmz&m?z>. -x^-c. #m 

H©^aSttM2 6*1fEK-rSN i F e^fc&IR^JgJ? 
*540nmi«SJ:5tcML, ^©±iC^S-^2 7 
4iW^»Tai!P5 1 %5I4i)iAi4 0nmife5J:^ 30 

[0076]^(C. 02 OlCnkUtc^'jlC^ S«2 0± 
K0$3tlft:JJJ£J!jnXU TSi$H®2 2, K&«Bffl«2 
3, 5£8& 1 4JS2 4. t&»125. »Ittl2 6, SC^^ 

muTK.i&.m.-?2>muT~--)i'!i!kmzmK ptMn*> 

I^BBWHe xSr^feSti-S., C©^. &fi8t*fe)K2 4© 
^b©faS#a-OU4 0©tt«l:frrSl (3-f;l40*!S4 

•T5^-fT^i5Si?©isj#iiiL^-rs*rsj) tcb->^n 40 
[0077] a^-c. 02 1 (c^u/ct^tc, mmmm 

l§2 8*«fiSf-SS i 0,*>6ft.SBi*JKP#S2 5 On 
mtt£Z>£>jlcx>*v ZV>#tc<}:-?XBl8.U. 02 2 
tC7nOfcJ:^«:. h*-jU2 8 a£JiraiSI§UI 

2 8(CMt4. •£©&, 01 3(CSlfc<t:5(CAl|g 
£^©US/?*S3 0 0 nmiftSJ^JCX/N ? £U >ytc 

<t o jf^BSL . c ti&&mmmcmj:ux±3iimm 2 9 * 

0f£-f£„ S«2O©±(C0 1 lCc^nL/fc^S 

P5 0a~50f zmmux, mmm^ >F50a so 
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^© P t M n *> £ ft SS&fifMJg 2 3 ©MJItt 3 0 n m 
feUi-CS)^,, Se-^T. 02 3(C^lfc<fc^. PtMn 

m<DMmtte>?.m<D\d:><D%iZZ7jk-r (mmm2 4 

©f^^nfcfilft©^^?*^) ^fc^SaWHex 
tt. iffi£©S&^h>* ^^*^©£&*££fiB^ HgxO 
Kit^r#S^i*t,>$3l?Hexl <bft&„ &#-T£<t. 

*jut»®,©a» h >*A4&sare-2 1,31 ©£&*£ 

^SSWH extt. Jg^fiSffi® 2 3 ©^©if^tt #ft o f 

*f*<$£it-?2>im<Db<D-c$>*). c<Dis.mmm2 3 

©Jl/?« 2 0 n mt(T«X?4 gLktc £ 0 , t&M 

viy^^nmmi- m) 2i©-fe>^n i«. i3(c 

[ 0 0 7 9 ] 0 2 4 «. ±IBB&» h >*^^**^ 
(ffif) 2 UC*tb, S£Hffl!S2 4 (-te>*Ji> ©f>3 

n/c^b©i^*{catf -rs^rtrifii^so-^* 

^b-r^fiSlSH^^L.. *©i^©PI^2 l©ffitnR 
©^^b*P?T^)E<i:L/-CiiJSb/£:^^L.ri,^ < , 0 

2 4*^6, mm.h>*}i>$)i$m* m) 2 i©ista«i 
®.mHK.ztL®mWitrj;-?xt,>z>c£i}mm2ti 

[0080] («ii©^e^a^) ^k. ±ib©j; 

tc J: -5 K . 07 Km 1/ /cHft jft©S3fe-'< T X$E!?&Jfc 
E£-r&;rcdD©mjE£0 1 1 icinCtc'iv F5 1 e, 5 1 

2 1,31 t,cmffi$titc'< v K 5 0 a , 50b. ;<jF 
5 0c. 5 0 d ?rfflt>-CSS-? (i¥> 2 1 , 31 CC— S 
*ft£?fcU-C|SJ&3SI^2 1.31 ©JgtHR£^T&|SrF 

D*0iKUftCW CHSSfc-iOaJ^L-, C©«ltBffiD«: 

m^xmRhz&m-rz. 

[0 08 1 ] (fflJS^m) 02 5«, ±m<D£5icmi& 

^mWh©^^^^^^^,, 02 5A>6BJ6^ftJ: 
•5Ct. «imffiD«^m-r-<#?aWh{cl:b«ait-SJ:^fc^ 
■fburt»s„ 

[008 2 ] TIB* 1 », C©J: ^(C^tS^n/cfigS, h 
(gf) 2 1tC»bT, 1 (Oe)©III 
h S <!: i (CI^^CSS^^M L /c <b * ©^^f 
©JSig. ^^©¥iftatifii (¥^I^T^)E. HI^. 
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0nm)-T*D. S®3{p6JlBK:i2>^Sl 1. MIS JS 1 
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[02] 01 «C^0fc-fe>^)g©^SHr«)-5,„ 
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[05] 1 1 {C^L/t#li©Wti8*^ty7 7 40 
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B0r$>-5„ 
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0-C&&., 
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(§¥) £0 1 2 02 - 2*§t£?9o/t¥®r9J»il,7£:»rSB 
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[015] 013 ConL7cS&« h >***AXX?<D'fe 
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[019] i3^4Hc&sam*>ir^SlBS»TBD0r 

[02 0] sm&*cc&sem*>ir^mB8»rffl0-c 

[02 1] Mjft^tf{C$,^«-fe>lJ-©ftlBS»rM0t? 

[022] mm&^<£&zmm.-te>y<DWiwmmm-c 

[023] 01 1 KfnVtcWM.\-Z/*)Vnm!itt>T> 

[024] 01 l^LfcfiSMh>*^5ai^T<DM 
RftS! (fi81SCC>PfrSKTmjE©^b) 
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